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0 Transparent synthetic resin sheet or film, method for its production and applications thereof. 



0 A method for producing a sheet or film of a 
transparent synthetic resin* which comprises di* 
scharging onto a continuous substrate moving in one 
direction a synthetic resin material for the transpar- 
ent synthetic resin from a discharge die having a 

^linear outlet extending perpendicular to the moving 
direction of the substrate* casting and curing or 
solidifying the resin material on the substrate to form 

§a sheet or film of the transparent synthetic resin, 
wherein the discharge die is continuously or intermit- 

V^tently reciprocated in a direction substantially per- 

^pendlcular to the moving direction of Uie substrate. 
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TRANSPARENT SYNTHEnC RESIN SHEET OR RLM, METHOD FOR ITS PRODUCTION AND APPUCAT10NS 

THEREOF 



The present invention relates to a method lor 
producing a continuoue sheet of a transparent syn- 
thetic resin suitable for the production of a lami- 
nated safety glazing product 

A so-called laminated glass I.e. a laminate 
comprising a pair of Inorganic glass sheets and an 
intertayer, is widely used as a safety glazing prod- 
uct for windshield for automobiles. On the other 
hand, an attention has been drawn in recent years 
to a bilayer safety glazing product having a syn- 
thetic resin layer of a single or multi-layered struc- 
ture provided on the inside surface (the interior 
side) of a laminated glass or an inorganic glass 
sheet This bilayer safety glazing product is consid- 
ered to have a higher level of safety than the 
laminated glass, since at the time of breakage, 
fragments of the inorganic giass are less likely to 
protrude to the Interior side, and the possil^Gty of 
injury to ^e human body by such fragments is 
small. Especially, a bilayer safety glazing material 
of this type wherein a sheet of inorganic glass is 
used, is more advantageous than the laminated 
glass, since it can be made to have a li^ weight 

The bilayer safety glazing product of the above 
type (hereinafter referred to simply as 6LW) is 
usually produced by laminating a film or sheet 
(hereinafter referred to simply as a sheet in the 
sense that this sheet includes a film) of a synthetic 
resin having excellent optical properties and good 
weather resistance on an inorganic glass sheet or 
on a laminated glass sheet. The synthetic resin 
sheet is a sheet having a single or multi-layered 
structure, and particularly the surface constituting 
the exposed surface is required to be hardly 
scratched, which is referred to as scratch resis- 
tance. In many cases, such a surface is formed of 
a hard coating film so-called hard coat or a syn- 
ttietic resin layer having a self-healing property i.e. 
a property whereby a scratch mark, if any, <£s- 
appears as time passes. A single-layered synthetic 
resin sheet or each layer of a multi-layered syn- 
thetic resin sheet can be formed by casting or 
extrusion molding. The casting method is particu- 
larly suitable for the formation of a sheet or layer 
having excellent optical properties. In the case of a 
surface layer constituting the exposure surface of 
BLW or a single-layered synthetic resin sheet, It is 
made of a hard coating film or a cross-linked 
synthetic resin, whereby casting Is substanttsUly the 
only method for its molding. 

The casting is a method wherein a ftowable 
material is cast on a substrate surface, followed by 
curing or solidifying to form a layer of a sheet-or 
film-form. The flowable material includes a solution 



' or dispersion of a synthetic resin, a mixture of 
liquid reactive materials capable of reacting and 
curing to form a synthetic resin, and a solution or 
dispersion of a mixture of Gquid or solid reactive 

5 materials. In the case of a solution or dispersion, 
the solvent or the dispersing medium is removed 
by e.g. evaporation for solkjification, or in some 
cases, a reaction for curing takes place to form a 
soRd synthetic resin. In the case of a mixture of 

70 liquid reactive materials which contains no solvent 
or dispersing medium, a reaction for curing takes 
place to form a synthetic resin. The cast material 
will have a flat smooth surface by its own weight 
and wili be solidified or cured in that state to form a 

75 layer having excellent surfacial optical properties. 

A method for continuously molding a sheet for 
the production of a bilayer safety glazing product 
by casting is known and is disctosed in e.g. US 
Patents 4.643.944. 4,283,363, 4,605.528 and 

20 4,590.030 and European Patents 38,760 and 
133»090. This method is suitable partteularly for the 
molding of a sheet of a polyurethane resin. In 
particular, by casting a reactive mixture capable of 
fomning a polyurethane resin and containing no 

25 solvent, it is possible to mold a relatively thick 
sheet (e.g. 0.1 mm or thicker) in a one step cast- 
ing. Further, by casting a flowable material on a 
preliminarily moWed synthetic resin sheet, it is 
possible to produce a sheet having a multi-layered 

30 structure having a synthetic resin surface layer 
formed by the solidification or curing of the flowa- 
ble material. In this case, the undercoating syn- 
thetic resin sheet may be formed by a casting 
method. Namely, a sheet having a multi-layered 

35 structure can be prepared by a sorted multi-step 
casting method. 

In a continuous casting method, it is common 
to employ a method wherein a flowable material is 
supplied onto the surface of a substrate moving in 

40 one direction. The formed sheet ts usually a con- 
tinuous sheet having substantially a constant width. 
Such a sheet is cut into a prescribed length for its 
lamination onto e.g. an inorganic glass sheet. A 
windshield for an automobile is usually bulged for- 

45 ward of the automobile and its longer sides are 
arcuate downwards. Accordingly, the sheet cut out 
from the continuous sheet has a fan shape with the 
longer sides being substantially arcuate. Rgure 2 
shows a plan view of a continuous sheet The 

50 continuous sheet 1 is continuous in the left-right 
direction in the Rgure. and the sheet 2 cut out 
therefrom has a fan shape with its longer sides 3 
and 4 being downwardly arcuate. With this shape, 
the upper central portion atxjve the upper longer 
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side of the cut out sheet 2 and both side portions 
below the lower longer side of the cut out sheet 2, 
of the continuous sheet 1 will be wasted without 
being used. These waste portions are not ec- 
onomically negligible. Particularly when the radius 
of curvature of the arcuate longer sides becomes 
small as the complexity in the shape of the wind- 
shield of an automobite advances in future, the 
' area of these waste portions is considered to in- 
crease, and a certain measure will then be re- 
quired. 

• On the other hand» in order to reduce the 
glaring which the driver receives from the wind- 
shield of an automobile, it has been in practice to 
reduce the transmission of light by coloring the 
upper portion of the windshield. In the case of a 
laminated glass, such a windshield is produced by 
using an interlayer colored in a strip-shape along 
the upper portion. As mentioned above, the top 
side of the windshield is roughly arcuate, but as 
observed from the front, it is substantially linear on 
its appearance. For this purpose, the width of the 
strip-shaped co tored portion of the cut out sheet is 
required to be substantially constant. For example, 
in Figure 2, the boundary line 5 between the col- 
ored strip portion and the non-colored portion is 
required to fc^e downwardly arcuate in substantially 
parallel with the upper longer side 3. The portion 
between this boundary Irne 5 and the upper longer 
side 3 is a colored portion. In the case of an 
interlayer made of e.g. a polyvinyl butyral resin, a 
sheet having a linear colored strip portion Is non- 
uniformly stretched so that the colored strip portion 
will be downwardly arcuate. For example, in Figure 
2. the sheet 1 having a linear boundary line 6 (the 
portion above the boundary line 6 is the colored 
portion) is non-unifonmty stretched by using a coni- 
cal roll in such a manner that the stretching ratio in 
the left-right direction in the Figure is small at the 
upper portion and large at the tower portion so that 
the boundary line 6 changes to a boundary line 5. 

In order to conduct such non-uniform stretch- 
ing, the sheet 1 must be plastic. However, as 
mentioned above, in the case of a sheet for BLW. it 
is usual that at least the sheet constituting the 
exposed surface is a hard coat film or a cross- 
linked synthetic resin, which has low or little plas- 
ticity. Accordingly, it is hardly possible to obtain a 
sheet having an arcuate strip-shaped colored por- 
tion as mentioned alcove by non-uniform stretching 
from a sheet having a straight strip-shaped colored 
portion. 

It is possible to partially color the surface of the 
synthetic resin layer after the preparation of BLW. 
to obtain a partially colored BLW as mentioned 
above. However, this method of coloring leads to 
economical disadvaritage since the productivity is 
thereby low. Further, with a view to improving the 



surface property such as the stain resistance of the 
surface of the synthetic resin layer, the permeabil- 
ity of a colarant may well be poor depending upon 
the material of the surface, whereby the subse- 

5 querit coloring operation will be difficult. 

It is an object of the present invention to over- 
come the above problems in the casting method 
by reciprocating a discharge die for supplying a 
synthetic resin mateira) in a direction substantially 

TO perpendicular to the direction of the movement of 
the continuous substrate. 

Thus, ttie present invention provides a method 
for producing a sheet or film of a transparent 
synthetic resin, which comprises discharging onto 

rs a continuous substrate moving in one direction a 
synthetic resin material for the transparent syn- 
thetic resin from a discharge die having a linear 
outlet extending perpendicular to the moving direc- 
tion of the substrate, casting and curing or solidify- 

20 ing tiie resin material on the substrate to form a 
sheet or film of the transparent synthetic resin, 
wherein the discharge die is continuously or inter- 
mittentiy reciprocated in a direction substantially 
perpendicular to the moving direction of the sub- 

25 strate. 

The present invention also provides an elon- 
gated sheet or film of a transparent synthetic resin 
having a uniform thickness and smooth surface, 
which comprises a colored transparent strip zone 
30 (A> of a colored transparent synthetic resin (a) 
extending in the longitudinal direction on of the 
sheet or film and a transparent strip zone (B) of a 
transparent synthetic resin (b) which is substantially 
the same as the colored transparent synthetic resin 
35 (a) except for the difference in color, tiie zone (B) 
extending in the longitudinal direction of the sheet 
or film, with the boundary of the zones (A) and (B) 
being partially curved. 

Furthermore, the present invention provides a 
40 laminated safety glass glazing product such as 
BLW wherein a sheet cut out from tiie elongated 
continuous sheet or film is employed. 

Now. the present invention will k^e described in 
further detail with reference to the prefenred em- 
45 bodiments. 

In the accompanying drawings: 

Rgure 1 is a diagrammatical cross-sectional 
view of a casting apparatus to be referred to for the 
description of the metiiod of the present invention. 
50 Figure 2 is a plan view showing tiie relation 

between a sheet for BLW and a glass sheet for 
automobiles. 

Figure 3 is a cross-sectional view showing 
the cross section in the widtii direction (i.e. the top- 
55 bottom direction in the Figure) of a discharge die in 
Rgure 1. 
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Figure 4 is a cross-sectional view of a di- 
scharge die having a stmcture different from the di- 
scharge die shown in Rgure 3. 

Figure 5 is a diagrammatical plan view of a 
casting apparatus which is different from the cast* 
ing apparatus in Rgure 1 . 

Rgure 6 is a side elevation of the apparatus 
^ of Rgure 5. 

Rgure 7 Is a partial cross'sectional view 
showing the cross section of the sheet shown In 
. Rgure 5. 

Rgure 8a is a cross-sectiona) view of the di- 
scharge die of Figure 5, and Figure 8b is an 
enlarged partial k>ottom view thereof. 

Rgure 9a is a partial plan view of another di- 
scharge die, Rgure 9b \$ a partial cross sectional 
view thereof* Rgure 9c is a cross«sectional view 
thereof, and Rgure 9d is a cross-sectional view 
shov\nng the cross section perpetidicular to the 
cross section of the cross-sectional view of Rgure 
9c. 

Figure 10a is a partial plan view showing a 
still another discharge die, and Rgure 10b is a 
partial cross sectional view thereof. 

Rgure 11a is a perspective view of a two- 
step casting apparatus to be referred to for the 
desalption of tiie two-step casting method, and 
Figure lib shows a partial cross-sectional view of 
the two layer sheet thus obtained. 

Rgure 1 is a diagrammatical plan view of a 
casting apparatus to be referred to for the descrip- 
tion of the method of the present invention. Onto a 
continuous substrate 10 moving continuously to the 
right hand side direction in tiie Rgure, a synthetic 
resin material 12 is supplied from a discharge die 
11 having a linear outlet extending substantially 
perpendicular to the moving direction of the sub- 
strate. The synthetic resin material 12 is cast on 
the continuous substrate 10, followed by curing to 
form a smooth flat continuous sheet 13. The di- 
scharge die 1 1 supplies the synthetic resin material 
while continuously or intermittently reciprocating in 
a direction substantieUly perpendicular (as shown) 
to the moving direction of the continuous substrate 
10. If the discharge die 11 is reciprocated in a 
simple harmonic motion relative to the continuous 
substrate 10 moving at a constant speed, tiie sheet 
thereby obtained will be a continuous sheet with a 
sine curve. Rjrther, the curvature can be changed 
by changing the reciprocating speed of the di- 
scharge die 11. Furthermore, continuous sheets of 
various shapes may be prepared by temporarily 
stepping the reciprocation of ttie discharge die 11 
or by changing the speed of the reciprocating 
movement thereof. Rgure 1 illustrates ttie shape of 
a continuous sheet 13 in a case where the di- 
scharge die 11 was reciprocated in a simple har* 
monic motion except that it was temporarily stop- 



ped at tiie upper end in ttie Rgure. 

By using the sheet obtained by the method of 
ttie present invention, tiie aforementioned problem 
can be solved. Namely, by approximating the up- 

5 per and lower curves of the sheet 13 to the curves 
of tiie upper and lower longer sides 3 and 4 in 
Rgure 2. the waste portions of tiie sheet can be 
minimized, tiius bringing atxsut an economical ad- 
vantage. Futhermore. tiiere will be a significant 

10 advantage in tiiat it is possible to obtain a sheet 13 
having a colored strip zone wltii a curved boundary 
line 14 by simultaneously supplying a colored syn- 
thetic resin material and non-colored synthetic res- 
in material 12 from tiie discharge die 11 side by 

75 side along the longitudinal direction th^'eof onto 
the continuous substrate 10. 

Rgure 3 shows a cross section in the width 
direction (i.e. the top-bottom direction in the Rg- 
ure) of tiie discharge die 11 of Figure 1. To the di- 

20 scharge die 1 1 movable in tiie left-right direction in 
the Figure, a colored synthetic resin material (a') 
and a non-coiored synthetic resin material (b') are 
supplied, and they are discharged from tiie front 
end 15 onto tiie continuous substrate 10« whereby 

25 a continuous sheet comprising a colored portion 
(A) and a non-colored portion (B) side by side with 
a boundary line 14 will be obtained. The boundary 
line may preferably t>e not distinct Namely, it is 
preferred to mix or overlap the two materials at the 

30 boundary region in tfie discharge die 1 1 so that tiie 
color density gradually decreases from Uie colored 
portion (A) to the non-colored portion (B) in order 
to form a soiled "gradation" portion. Rgure 4 
shows a partial cross section of a discharge die 

38 having such a mixing section. By providing a mix- 
ing section as shown in the Rgure, ttie colored 
syntiietic resin material (aO and ttie non-colored 
synthetic resin material (b') are mixed at such a 
section and then discharged to form a boundary 

40 region 16 with a certain width. The mixing section 
is not limited to the illusti^ed static mixing means, 
and a forcible nnixing means or a diffusion mixing 
means by taidng a long contact time of the two 
materials, may also be employed. Further, instead 

45 of mixing, the two materials may be overlapped so 
tiiat the ratio of tiie thicknesses of the two materials 
changes to form a similar boundary region. 

Rgure S \s a diagrammatical plan view of a 
casting apparatus for illusti^ating another embodi- 

so ment of the method for producing the synthetic 
resin sheet of the present invention. 

Rgure 6 is a side elevation thereof illustrating 
the apparatus in an enlarged scale in ttie thickness 
direction of the sheet. Onto a continuous substrate 

55 20 moving continuously to the right hand side 
direction in the Figure, two types of synthetic resin 
materials (a') 23 and (b') 24 are supplied from a di- 
scharge die 22 having a linear outiet 21 . The syn* 



4 
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thetic resin materials (a') 23 and (b') 24 are cast on 
the continuous substrate 20 in a partially over- 
lapped state, followed by curing in a heating fur- 
nace (not shown) to form an elongated transparent 
synthetic resin sheet 25 having a uniform thickness 
and flat smooth surface. Thus, the sheet 25 com- 
prises a colored transparent strip zone (A) of a 
coiored transparent synthetic resin (a) formed by 
V the curing of the synthetic resin material (a') 23» a 
transparent strip zone (B) of a transparent synthetic 
resin (b) formed by the curing of the synthetic resin 
* ^ material (b') 24, and a transparent iDOundary strip 
zone (C) where the two synthetic resins are over- 
lapped as illustrated. When the width of the spread 
Of the synthetic resin material (a') 23 is designated 
as X. the width of the spread of the synthetic resin 
material (b') 24 is designated as y, and the width of 
the spread of the overlapping portion of the two 
materials is designated as 2, as shown in Figure 5, 
the width of the zone (A) is represented by x • z, 
and the width of the zone (B) is represented by y - 
z. and the width of the zone <C} ts represented by 
z. 

The synthetic resin sheet 25 is an elongated 
sheet extending in the left-fight direction in Figure 
5. This sheet 25 comprises the colored transparent 
strip zone (A), the transparent strip zone (B) and 
the transparent boundary strip zone <C) extending, 
respectively, in the longitudinal direction of the 
sheet, with their boundaries (i.e. the boundary be- 
tween the zones <A) ^d (C) and the k>oundary 
betvkreen the zones (B) and (O) being parallel to 
each other and curved. This* trartsparent boundary 
strip zone (C) is the above-mentioned ''gradation" 
portion. For example, when the transparent strip 
zone (B) is made of a cobrless transparent syn- 
thetic resin, the color density in the transparent 
boundary strip zone (C) increases gradually tn the 
width direction from the transparent strip zone (6) 
to the colored transparent strip zone (A). Rgure 7 
is an enlarged partial cross-sectional view showing 
the cross section taken along I - r in Figure 5. 
However, the cross section is enlarged more in the 
thickness direction than the width direction of the 
sheet. The colored transparent strip zone (A) is 
made of a colored transparent synthetic resin (a). 
The transparent strip zone (B) is made of a trans- 
parent synthetic resin (b) whic^ is substantially the 
same as the colored transparent synthetic resin (a) 
except for the difference in color. This transparent 
synthetic resin (b) is preferably a colorless trans- 
parent synthetic resin or a colored transparent syn- 
thetic resin which is colored with a different color 
or with a different color density from the colored 
transparent synthetic resin (a). Particularly pre- 
ferred is a colorless synthetic resin or a colored 
synthetic resin which is colored in a less degree 
with the same type of color as the colored trans- 



parent synthetic resin (a). The synthetic resins (a) 
and (b) are preferably substantially the same syn- 
thetic resins (substantially the same not only in the 
types but also in the compositions and physical 

5 properties), and more preferably they are the same 
synthetic resins except for the difference in color or 
in the presence or absence of the color. 

In the transparent boundary strip zone (C), the 
colored transparent synthetic resin (a) and the 

10 transparent synthetic resin (b) are overlapped to 
each other, as shown in Figure 7. It is preferably a 
zone wherein the thickness of the layer of the 
colored transparent synthetic resin (a) and the 
thickness of the layer of the transparent synthetic 

15 resin (b) are gradually changed in the width direc- 
tion (the left-right direction in the Figure) of the 
sheet Namely, it is preferably a zone wherein the 
thickness of the layer of the colored transparent 
synthetic resin (a) becomes gradually thin and the 

20 thickness of the transparent synthetic resin (b) be- 
comes gradually thick from the side where the 
zone (C) is in contact with the zone (A) towards the 
side where the zone (C) is in contact with the zone 
(B) (the total thickness of the two-layers being the 

25 same at any position). In the zone (C). either one of 
the layers of the colored synthetic resin (a) and the 
transparent synthetic resin (b) may be on the top of 
the other (although ttie two surfaces of the sheet 
may be distinguished in the sense that one of them 

30 is formed to be in contact with the substrate, and 
the other is formed to be not in contact with the 
substrate). 

The boundary surface (the cross section of 
which is represented by a dotted line in Figure 7) 

35 in the transparent boundary strip zone (C) where 
the colored transparent synthetic resin (a) and the 
transparent synthetic resin (b) are in contact with 
each other is not necessarily distinct. This bound- 
ary surface is a surface formed by the contact of 

40 the two-types of flowing synthetic resin materials. 
Therefore, as microscopically observed, the two 
types of materials diffuse or mix at the boundary 
surface by the formation of turbulent flow. However, 
as observed macroscopically. the boundary surface 

45 exists, and the color is gradually changed in the 
zone (C). Further, this boundary surface is a 
boundary surface with respect to the color, and it is 
preferred that no substantial boundary surface ex- 
ists with respect to the synthetic resin. Namely, it 

so is preferred that the two types of the transparent 
synthetic resins (a) and (b) are in contact with each 
other without no substantial discontinuity even if 
they form a boundary surface where discontinuity 
in color exists. Particularly, no substantial disconti- 

56 nuity in the physical properties (such as strength) 
of the synthetic resins must exist at such a tx>und- 
ary surface. However, discontinuity in other prop- 
erties may be permissible. For example, the col- 



5 
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ored transparent synthetic resin (a) is required to 
contain a coloring agent such as a dyestuff or 
pigment while the transparent synthetic resin (b) 
may not contain a coloring agent or may contain a 
different type of a coloring agent Further, for the 
purpose of preventing discoloration of the coioring 
agent, a stabilizer such as a ultraviolet absorber 
may be incorporated in a substantial amount to the 
colored transparent synthetic resin (a), whereas no 
such a stabilizer or a less amount of such a stabi- 
lizer may be incorporated to the transparent syn- 
thetic resin (b). In such cases, there is a difference 
In the physical properties of the two types of trans* 
parent synthetic resins (a) and (b). The two types 
of transparent synthetic resins are most preferably 
substantially the same synthetic resins except for 
such a minor difference in the physical properties 
or the difference in the Incorporation of a small 
amount of addith/es. This boundary surface may 
not be flat For example, the cross section of the 
boundary surface as shown rn Rgure 7 may be 
curved. 

Figure 6a is a cross*sectionai view of a di* 
scharge die 12, and Figure % is an enlarged 
bottom view thereof. The cross section of ttte 
cross-sectional view of Rgure 8a is taken along line 
II - ir. The discharge die 22 has a first inlet 26, a 
second tnlet 27. a first flow path 28 enlarged in a 
fan^shape* a second flow path 29 enlarged in a fan- 
shape, a linear outiet 21 and a partition wall 30 
separating the first and second flow patiis and 
extending with its end terminated immediately be- 
fore the linear outiet 21. A synthetic resin material 
(a') 23 is introduced from the intet 26, flows while 
spreading in tiie flow path 28 and Is discharged 
from the linear outlet 21. Likewise, a synthetic resin 
material (bO 24 is introduced from the inlet 27, 
passes tiirough the flow patii 29 and is discharged 
from the linear outiet 21 . The flow paths 28 and 29 
join immediately t^efore the linear outlet 21 to form 
a single flow stream, and they are divided by the 
pertition wall 30 at the up-stream skje. The width of 
the flow path is narrow (about x - z) at the front 
side at the cross sectional position (cross section 
along line II - ir) of the cross^sectionai view of 
Rgure 8a and wide at the t»ck side {about x). 
Inversely, ttie width of the flow patii 29 is wide 
(about y) at tiie frovX side at the cross sectional 
position and narrow (about y - z} at the back side. 
The pertition wall 30 is inclined relative to the 
thickness to the direction of the linear outiet 21 . as 
shown by the bottom view of Rgure 8b. Namely, 
when the tiiickness direction of the linear outlet (tiie 
top-bottom direction in the Rgure) is taken as O'C 
and the direction perpendicular thereto (tiie longitu- 
dinal direction of the linear outlet) is taken asBO^O. 
the inclination angle $ is within a range of 0 < 9 < 
90. The closer the inclination angle to 90*C. the 
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wider the width of z. The closer tiie inclination 
angle to O'C, tiie narrower the width of z. The 
flows of the two types of synthetic resin materials 
(al 23 and (bO 24 overlap to each other at down- 

5 Stream of the lower end of the pertition wall 30 and 
they are discharged from the linear outiet 21 while 
maintaining the overtapping relation. The width of 
the lower end of Uie pertition wall 30 is not nec- 
essarily Uie same as the widtii of z, because in 

ro many cases, the width of the overiapping portion 
changes more or less between the lower end of the 
pertition wall 30 to the linear outlet 21 or before the 
synthetic resin materials discharged from ttie linear 
outlet become viscous and the flowability is lost (in 

IS most cases, the width of tiie overiapping portion is 
enlarged). 

In the present invention, ttie location or the 
shape of tiie pertition wall 30 in the discharge die 
22 IS not limited to ttie above embodiment For 

20 example, tiie lower end of the pertition wall 30 I.e. 
the terminal end in the down-stream direction, may 
extend to or beyond the linear outiet 21 . In such a 
case, the flows of the two synthetic resin materials 
(a*) 23 and (b') 24 join and overlap immediately 

25 after being discharged from the linear outiet 21 or 
at a furttier down-stream thereof. In a case where 
tiie two materials have relatively high viscosity and 
flow in the flow paths mainly by laminar flow, the 
terminal end of tiie pertition wall may be located at 

30 a further upstream side. 

In an extreme case, it is possible to provide a 
pertition wall near the inlets of tiie discharge die so 
that the two flows are twisted t>efore they are 
enlarged in a fan-shape and tiie two flows advance 

3S in a single fan-shaped flow path in a partially over- 
lapping state and are discharged from the linear 
outlet 

Rguros 9a to 9d illustrate another embodiment 
of the discharge die. Rgure 9a is a partial plan 

40 view, Rgure 9b is a partial cross-sectional view. 
Rgure 9c is a cross-sectional view and Rgure 9d is 
a transverse cross-sectional view. The discharge 
die has an inlet 41 for inti^oducing a synthetic resin 
material and a linear outiet 42 extencfing in the left- 

46 right direction in the Rgure. It has a fan*shaped 
flow path 43 enlarged in the k>ngitudinal direction 
of the linear outiet from the inlet 41 to tfie lineart 
outiet 42. The inlet 41 is divided by a pertition wall 
44. A flrst synthetic resin material (a*) is introduced 

50 from one divided section 45. and a second syn- 
thetic resin material (bO is introduced from the 
other divided section 48 in an amount suttstantially 
larger than the first material. As shown in Rgure 
9a. tiie pertition wall 44 is provided with an inclina- 

56 tion at an angle between 0** (the top-tx)ttom direc- 
tion in the Figure) i.e. the width direction of the 
linear outiet 42 and 90^ (the left-right direction) i.e. 
the longitudinal direction of ttie linear outiet The 

6 
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flows of the two synthetic resin materials join to 
contact each other at the lower end of the pertition 
wall 44. and further advance while enlarging the 
width of the fiow to the linear outlet 42 and are dl» 
scharged therefrom. 

As shown in Figure 9c. the synthetic resin 
materials introduced from the inlet 41 flow down- 
wards in the Figure while spreading in the left hand 
direction in the Figure and are then discharged 
from the linear outlet 42. The material introduced 
from the divided section 46 is in a larger amount 
than the material introduced from the other divided 
section 45. whereby the width of the discharge will 
be substantially wider than the width x of the other. 
Besides, the flows of the two materials are twisted 
by the inclined pertitron wail 44. whereby there will 
be a portion where the two materials are di* 
scharged in a overiapping manner, and the width of 
such a portion will be z. The cross sectional shape 
of the flow path 43 is as shown in Rugre 9d, 
whereby at the thick portion of the up-stream flow 
path for the materials, the respective materials 
mainly flow in the left-right direction in Figure 9c 
and at the thin portion of the down-stream fiow 
path, the materials mainly flow downwardly as 
■ shown in Figure 9c. The boundaries of the respec- 
tive materials will be as shown by the dotted lines 
in Figure 9c. 

Figures 10a and 10b show a partial plan view 
(10a) and a partial cross-sectional view (10b) of a 
further embodiment of the discharge die. The di- 
scharge die 50 has two inlets 51 and 52. A first 
synthetic resin material (a') is introduced fronn the 
first inlet 51, and a second synthetic resin material 
(b') is introduced from the second inlet 52 in an 
amount substantially larger than the first material. 
The pertition wall 53 extends from the first inlet to 
the right hand side in the Figure I0a and its lower 
end reaches about the middle of a thick portion of 
the thick flow path as shown in Rgure 9d, The 
cross-sectional view taken along the lower end 
portion of this pertition wail 53 is shown in Figure 
10b, In each Figure, the pertition wall 53 is inclined 
relative to the linear outlet 54 extending the left- 
right direction in the Figures. 

There is no particular restriction as to the 
shape of the above pertition wall, so long as it is 
capable of bringing the two flows into an overlap- 
ping relation to each other. For example, in the 
pertition wall as shown in Rgure 9, its cross sec- 
tional shape (the cross section in a direction per- 
pendicular to the flow direction) may t:>e not only 
linear as illustrated, but also in a S-$hape to impart 
twisting to the flows in order to more effectively 
conduct the overlapping of the flows. The control of 
the width of the overlapping portion z may t>e 
conducted not only by the pertition wall but also by 
changing the flow rate or the pressure of the two 



types of the synthetic resin materials. 

In the method of the present invention, a T-die 
having the above-mentioned structure is preferred 
as the discharge die. The T-die includes a straight 
5 manifold type, a coat hanger type and a fish tail 
type. Either one of such T-dies may be employed. 
It is particularly preferred to employ a T-die of a 
coat hanger type. 

In the method of the present invention, as the 
10 continuous substrate, it is preferred to employ a 
film or sheet having no adhesive property on its 
surface. For example, a film or sheet of a synthetic 
resin such as a polyethylene terephthalate resin or 
a steel belt having its surface treated for non- 
75 adhesiveness is suitable. Further, the continuous 
substrate may be a film or sheet constituting un- 
derlayer (or in some cases, an upper layer) of a 
multi-layered sheet. For example, in the case of 
BLW of a type wherein a polyethylene tereph- 
20 thalate resin film having a hard coating layer is 
laminated on an inorganic glass sheet by means of 
an adhesive synthetic resin, the continuous sub- 
strate may be made of this polyethylene lereph- 
thalate resin film (a supporting substrate fixed 
25 thereunder or movable together with this film may 
be provided) and a hard coating material is coated 
and cured thereon by the method of the present 
invention to obtain a hardcoat-provided film for 
BLW. 

30 Various means may be employed for moving 
the discharge die. For example, the discharge die 
may be driven by an electric motor or a survo 
motor provided with a screw. Such a driving means 
is preferably the one capable of controlling the 

35 speed of the movement and the cycle of the recip- 
rocating movement as desired, whereby it is possi- 
ble to produce a continuous sheet with the opti- 
mum shape or width depending upon the shape or 
size of BLW. 

40 The above described casting method is usuful 
for producing a multi-layered sheet continuously. 
For example, a multi-layered sheet may be formed 
by a method wherein a second sheet may be 
laminated on a sheet formed by the above de- 

45 scribed method, or by a method wherein a secornj 
synthetic resin material is cast and cured thereon. 
It is particulariy preferred to employ a multi-step 
casting method wherein a second synthetic resin 
material is cast and cured on the sheet formed by 

50 the above described method. 

Rgures iia and lib illustrate a method for 
producing a two-layered sheet by a Nvo-step cast- 
ing method. Rgure 1 1 a is a perspective view show- 
ing the two-step casting apparatus, and Figure lib 

55 is a cross-sectional view showing the cross section 
of the two-layered sheet thereby produced. Onto a 
continuous substrate 60. a synthetic resin material 
62 is firstty discharged from a first discharge die 
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61. This first discharge die 61 is the discharge die 
illustrated in Rgures Qa to 9b. This discharge die 
61 reciprocates in the left-right direction in the 
Rgure and discharges synthetic resin matenais 62 
having different colors. The discharged synthetic 
resin materials 62 are cast and partially or com- 
pletely cured while being passed through a heating 
furnace (not shown) to form a sheet 63 made of the 
first synthetic resin. This sheet 63 made of the first 
synthetic resin has a colored transparent strip zone 
^ (A)p a transparent strip zone (B) and a tx)undary 
strip zone (C) as mentioned in the foregoing. Then, 
onto the formed sheet 63. a second synthetic resin 
materiai 64 is supplied from a second discharge 
die 65. This second synthetic resin material is 
preferably a material capable of forming a colorless 
or uniformly colored synthetic resin. The second 
discharge die 65 is preferably fixed. The di- 
scharged second synthetic resin material 64 is cast 
and then cured. As shown In Rgure lib, tiie result- 
ing laminated sheet 66 lias a double-layered struc- 
ture, wherein the underlayer 67 as the colored 
transparent strip zone (A), the transparent strip 
zone (B) and the boundary strip zone (C) as shown 
in Rgure 7. and tli© upper layer 68 is made of a 
colorless or uniformly colored transparent synthetic 
resin. 

The preparation of the multi-layered stieet by a 
multi-step casting method is not restricted to the 
method shown in Rgure 11a. For example, in Rg- 
ure 1 1 a. a two-layered sheet may be produced by 
exchanging the positions of the first and the sec- 
ond discharge dies. Namely< onto the continuous 
substrate 60* the second synthetic resin material 
64 is firstly discharged from the second cfischarge 
die 65, cast and cured, and then the first synthetic 
resin materia) 62 is discharged from the first di- 
scharge die 61. cast and cured to obtain a two- 
layered sheet having an underiayer made of the 
second synthetic resin and an upper layer made of 
the first synthetic resin (having a colored transpar- 
ent strip zone (A». 

The width of the continuous sheet (including 
the ateve-mentioned laminated sheet) of the syn- 
thetic resin in the present invention is preferably at 
least 50 cm depending upon the size of the glazing 
product for automobiles, as its main use. There is 
no particular restriction as to the upper limit of the 
width, but it is usually about 2 to 3 m. The thick- 
ness of the sheet is preferably from 0.04 to 4 mm, 
more preferably from 0.06 to 2 mm. In the case of 
a laminated sheet the overall thiclcnees is prefer- 
ably from 0.02 to 4 mm, more pferebly from 0.4 to 
2 mm. and the thickness of the thinner layer is 
preferably from 0.04 to 1 mm. The width of the 
strip zone (C) is preferably at most 1 3. more 
prefarably at most 1 5. of the width of the sheet 
The lower limit is preferably about 1 cm. more 



preferably at)out 3 cm. 

The continuous sheet (inclusive of the above- 
mentioned laminated sheet) of a synthetic resin in 
the present invention is usuful as a material for 

5 producing a laminated safty glazing product for 
automobiles or for building materials. Namely, from 
this continuous sheet a sheet of a suitable size is 
cut out and directly or by means of an adhesive or 
together with other synthetic resin sheet or film. 

10 laminated on a transparent inorganic glass sheet or 
organic glass sheet to obtain a laminated safety 
glazing product It is particuiariy suitable as a ma- 
terial for BLW which is used as a windshield for 
automobiles. 

IS When the continuous sheet in the present in- 

vention is a single layer syntiietic resin, such a 
sheet will be used as the surface layer or inner 
layer of BLW. When used as the surface layer, the 
synthetic resin is preferably a cross-linked polyure- 

20 thane resin having excellent self-healing properties. 
When used as an Inner layer, the synthetic resin is 
preferably a thermoplastic or cross-linked polyure- 
thane resin having high mechanical strength (which 
may have lower self-healing properties than the 

25 surface layer). 

When the continuous sheet of the present In- 
vention is used as the surface layer, the synthetic 
resin of the continuous stieet is preferably a cross- 
linked polyuretfiane resin having both excellent 

30 self-healing properties and high mechanical 
strength. The above-mentioned laminated sheet 
may t)e directly or by means of an adhesive layer 
laminated on the above-mentioned inorganic glass 
sheet with its one side as the surface layer and the 

35 oth^ side as the bonding the surface, to obtain 
BLW. For this surface layer. It is preferred to em- 
ploy a cross-linked poiyurethane resin having ex- 
cellent self-healing properties. This surface layer 
may be formed by the above-menitoned multi-step 

40 casting method as the upper-layer or underiayer of 
the laminated sheet. The layer which does not 
constitute the surface layer is preferably a thermo- 
plastk: or cross-linked polyurethane resin having 
high mechanical strength (which may have lower 

46 self-healing properties than the surface layer). By 
using the surface of this inner layer as the tending 
surface, the laminated ^eet is bonded to an or- 
ganic glass sheet to obtain BLW. 

As the tranqsarent synthetc resin, a poly u ro- 
se thane resin is particuiariy preferred. However, it 
may a transparent synthetic resin formed by 
any other flowable synthetic resin material (a mol- 
ten synthetic resin or a flowable mixture of reactive 
materials capable of forming a synthetic resin by 

56 reaction). As ttie polyurethane resin, a non-yellow- 
ing type polyurethane resin is used (a polyurethane 
resin obtained by using an aromatic potyisocyanate 
having an isocyanate group directly bonded to the 
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aromatic nucleus is a yellowing type, and a poly* 
urethane resin obtained by using an aliphatic 
poiyisosianate. an alicyclic polyisocyanate and an 
aromatic polyisocyanate containing an isocyanate 
group not directly bonded to an aromatic nucleus is 
a non-yellowing type). The polyurethane resin may 
be a linear polyurettiane resin having ther- 
moplasticity or a crossHinked polyurethane resin 
- (which may also be called a thermosetting polyure- 
thane restn) having no thermoplasticity. Further, the 
polyurethane resin is preferably has excellent self- 
''^ healing properties or high mechanical strength or 
both of such properties. The polyurethane resin 
having excellent self-healing properties is known 
and disclosed in e.g. US Patent 4.657.796, 
4.684.694 or 3.979.548. The polyurethane resin 
having high mechanical strength is known and dis- 
closed in e.g. European Patent 54491. Japanese 
Unexamined Patent Publication No. 1 3521 6/'l 984 or 
US Patent 4.600.653. The polyurethane resin hav- 
ing both excellent self-healing properties and high 
mechanical strength is known and disclosed in e.g. 
European Patent 131.523, US Patent 4,883.171 or 
Japanese Unexamined Patent Publication No. 
222249/1985 or No. 281118/1986. 

The casting method of the present invention is 
preferably conducted by using a mixture of reactive 
materials containing no substantial solvent, as the 
resin material (which may be called also as a bulk 
casting method). This mixture of reactive materials 
comprises a polyol and a polyisocyanate com- 
pound as the main components, and in many 
cases, further contains a chain extender such as a 
low molecular weight polyol or polyamine. Further, 
a small amount of a catalyst is usually incorpo- 
rated. Further, a colonng agent is incorporated in at 
least one of the reactive material mixtures of the 
above-mentioned synthetic resin material (a') and 
the synthetic resin material (b'). If necessary, a 
stabilizer such as a ultraviolet absorber, an antiox- 
idant or a light stabilizer, or a moldability improv- 
ing agent such as a leveling agent to improve the 
flowabiiity or wettability of the mixture of reactive 
materials in casting, may be incorporated. How- 
ever, it is undesirable to incorporate an additive 
which impairs the transparency of the synthetic 
resin, such as an inorganic filler. 

The above-mentioned polyol is preferably a 
polyester polyol. a polycarbonate polyol. a polyox- 
ytetramethylene polyol or a combination thereof. 
Further, each polyol may be a combination of 
polyols havrng different molecular weights or dif- 
ferent number of hidroxyl groups. The molecular 
weight is preferably from about 20 to 500. more 
preferably from 40 to 400 as represented by the 
hydroxyi value. The number of hydroxyl groups is 
preferably from atsout 2 to 4. more preferably from 
about 2 to 3. When two or more polyots are used 



in combination, these values represent average val- 
ues. NA^en potyols having high molecular weights 
(i.e. low hydroxyl values) are used, it is preferred to 
incoiporate a chain extender. The chain extender is 

s a polyol having a relatively low molecular weight 
(usually not higher than 200} or a polyamine having 
a relatively low molecular weight. For example, it 
includes ethylene glycol. i.4-butanediol, 1,6-hex- 
anediol. dtethanofamine. dimethylol propionic acid, 

10 hexamethylenediamine and isophoronedlamine. As 
the polyisocyanate, a polyisocyanate having no 
isocyanate group directly bonded to the aromatic 
nucleus as mentioned above, may be employed. 
Specifically, for example, methylenebis(cyclohexyl 

IS isocyanate), isophorone diisocyanate. hex- 
amethylene diisocyanate or xylylene diisocyanate. 
or a modified product thereof such as an urea 
modified product, a prepolymer type modified 
product or an amide modified product may be 

20 mentioned. Particularly preferred is an alicyclic 
diisocyanate or an aliphatic diisocyanate, or a 
modified product thereof. A mixture obtained by 
mixing such reactive starting materials or mixing a 
prepolymer obtained by a partial reaction thereof, 

25 with the rest of materials. Is subjected to reaction 
and curing to obtain a polyurethane resin. 



Claims 

30 

1 . A method for producing a sheet or film of a 
transparent synthetic resin, which comprises di- 
scharging onto a continuous substrate moving in 
one direction a synthetic resin material for the 

0$ transparent synthetic resin from a discharge die 
having a linear outlet extending perpendicular to 
the moving direction of the substrate, casting and 
curcng or solidifying the resin material on the sub- 
strate to form a sheet or film of the transparent 

40 synthetic resin, wherein the discharge die is con- 
tinuously or intermittently reciprocated in a direc- 
tion substantially perpendicular to the moving di- 
rection of the substrate. 

2. The method according to Claim 1. wherein a 
45 plurality of synthetic restn materials having different 

colors are discharged from the linear outiet side by 
side along the longitudinal direction of the linear 
outlet to obtain a sheet or film having curved col- 
ored strip zones. 

50 3. The method according to Claim 2, wherein 

two synthetic resin materials having different colors 
are discharged from the linear outlet side by side, 
and the adjacent portions of the two materials are 
mixed or overlapped in the discharge die. 

55 4. The method according to Claim 3. wherein 

the two synthetic resin materials are discharged by 
means of a discharge die having two inlets for 
introducing the two synthetic resin materials and 
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one linear outlet for discharging them and provided 
with a partition wall which Is adapted to let the 
flows of tiie two materials join to contact each other 
in the discharge die at the linear outlet or durnig 
the course from the two Inlets to the linear outlet 
and which is inclined so that the flows of the two 
materials overlap at the contacting portion in a 
direction of the thiclcnes of the linear outlet to 
obtain a sheet or film of a transparent synthetic 
resin having a strip zone wherein the color is 
continuously changed, 

5. The method according to Claim 4, wherein 
the discharge die has two adjacent inlets or one 

♦ inlet divided by a partition wait, and an enlarged 
flow path extending from the inlets to the linear 
outlet, wherein the partition wall extends from the 
Inlet portion to near the enlarged flow path portion. 

6. The method according to Claim 2, wherein 
one of the plurality of synthetic resin materials 
having different colors Is a material (a') forming a 
colored transparent synthetic resin, and the other is 
a material (bO for forming a colorless transparent 
synthetic resin or a transparent synthetic resin col- 
ored with a color or color density different from the 
material {a'), 

7. The method according to Claim 6, wherein 
both materials (al and (bO are materials which are 
capable of forming substantially the same synthetic 
resin except for the difference in the presence or 
absence of the coloring agent in the proportion of 
the coloring agent or in the type of the coloring 
agent 

8. The method according to Claim 1. wherein 
the synthetic resin material Is a mixture of reactive 
materials capat>ie of forming a polyurathane resin. 

9. The method according to Claim 8. wherein 
the synthetic resin material is a mixture of reactive 
materials capable of forming a cross-Rnked poly- 
urethane resin having a self-healing property. 

10. A method for preparing a transparent syn- 
thetic resin sheet having a plurality of layers, which 
comprises forming a second transparent synthetic 
resin layer on a sheet or film of a transparent 
synthetic resin formed on a substrate according to 
the method of Claim 1 . 

11. The method according to Claim 10. wherein 
the second transparent synthetic resin layer is a 
layer formed by casting and curing or solidifying a 
second synthetic resin material for a transparent 
synthetic resin on the surface of the: first transpar- 
ent synthetic resin layer. 

12. The method according to Claim 11. wherein 
the first synthetic resin layer is made of a cross- 
linked polyurethane resin having a self-healing 
property, and the second synthetic resin layer is 
made of a synthetic resin having high mechanical 
strength. 



13. The method according to Claim 12, wherein 
the second synthetic resin layer is made of a 
polytarethane resin having high mechanical 
strength. 

5 14. An elongated sheet or film of a transparent 

synthetic resin having a uniform thickness and 
smooth surface, which comprises a colored trans- 
parent strip zone (A) of a colored transparent syn» 
thetic resin (a> extending In the longitudinal direc* 

to tion of ^e sheet or film and a transparent strip 
zone (B) of a transparent synthetic resin (b) which 
is substantially the same as the colored transparent 
synthetic resin (a) except for the difference in color, 
said zone (B) extending In the longitudinal direction 

rs of the sheet or film, with the boundary of the zones 
(A) and (B) being partially cun/ed. 

15. The sheet or film according to Claim 14. 
which has a transparent boundary strip zone (C) 
t)etween the colored transparent strip zone (A) and 

20 the transparent strip zone (B), wherein the thic- 
knesses or the mixing proportions of the colored 
transparent syntinetic resin (a) and the transparent 
synthetic resin (b) vary gradually in the width direc- 
tion of the sheet or film so that tiie color varies 

25 gradually in tiie widtii direction of the sheet or film, 
and the boundaries of ttiis transparent boundary 
strip zone (C) with Uie zones (A) and (6) being 
curved and in parallel to each other. 
* 16. A synthetic resin laminated sheet compris- 

30 ing a first transparent synthetic resin layer com- 
posed of a sheet or film of Claim 14 or 15 and a 
second transparent synthetic resin layer which is 
colorless or uniformly colored. 

17. The laminated sheet according to Claim 16. 
35 wherein the first synthetic resin layer is made of a 

synthetic resin having a se(f-heaUr)g property, and 
the second syntiietic resin layer is made of a 
synthetic resin having high mechanical strength. 

18. A laminated safety glazing product com- 
40 prising at least two layers of a transparent synthetic 

resin sheet or film cut out from the elongated sheet 
or film of a transparent synthetic resin of Claim 14 
or 15 and at least one glass sheet selected from 
the group consisting of a transparent inorganic 
45 glass and a transparent organic glass. 

19. A laminated safety glazing product com- 
prising at least two layers including a transparent 
laminated synthetic resin layer of a laminated sheet 
cut out from the elongated laminated sheet of 

50 Claim 16 or 17 and at least one glass sheet layer 
selected from ti^e group consisting of a transparent 
inorganic glass and a transparent organic glass. 
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